In four experiments, the effects of pre-thaw delay, method of thawing, temperature of thawing solution and pellet volume on acrosome morphology and motility of" boar spermatozoa frozen by the pellet method were examined.
INTRODUCTION
All of the recently successful methods for deep freezing of boar spermatozoa have employed the pellet freezing technique of Nagase and Niwa (1964) . In contrast, frozen pellets have been thawed by various procedures, i.e., an electric frying pan (Graham et al., 1971 a,b) a Teflon-coated pan (Pursel and Johnson, 1971 a,b,c), a glass flask or test tubes (Salamon and Visser, 1972, 1973) , heated skim-milk (Einarsson et al., 1972) , heated seminal plasma from a hypoplastic boar (Crabo and Einarsson, 1971) , heated seminal plasma (Crabo et al., 1972 a,b; Einarsson et al., 1973) , TES-NaK-Glucose (Crabo et al., 1972 a,b) and Ht/lsenberg diluter (Richter and Liedicke, 1972; Paquignon and du Mesnil du Buisson, 1973) .
The pellet freezing technique has been used extensively for storage of bull spermatozoa (Lindstr(im et al., 1972) , and a number of studies have been conducted to determine the optimum thawing conditions for ram and bull spermatozoa; for these species a single pellet was thawed per insemination (Nagase and Tomizuka, 1968; Salamon, 1968; Lightfoot and Salamon, 1969; Salamon and Brandon, 1971) . For boar spermatozoa, however, a large number of pellets are required per insemination, so the dynamics involved in the thawing procedure are considerably more complex.
The purpose of the trials reported here was to determine which thawing solutions and procedures would provide the least damage to acrosome morphology and to provide maximum recovery of sperm motility for boar semen frozen by the pellet method. Some of the optimum thawing conditions identified in these trials were used in a fertility trial reported by Pursel and Johnson (1975) .
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MATERIALS AND METHODS
Boar semen was collected by the glovedhand technique into a 250-ml insulated vacuum bottle; the opening was covered with a milk filter disc to separate the gel particles. The semen was fractionated visually into sperm-rich and sperm-poor portions at collection with only the sperm-rich portion being used.
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In all four trials the semen from individual ejaculates was processed and pellet frozen in Beltsville F5 (BFS) extender with 1% glycerol using the procedure described by Pursel and Johnson (1975) . Each trial was replicated with two ejaculates from each of six boars. The volume per pellet, except in trial 4, was .15 to .2 milliliters. The sample size for each experimental unit was 5 ml of pelleted semen containing a total of 3 x 109 spermatozoa.
Trial 1. Pellets were thawed in 12.5 ml of Beltsville thawing solution (BTS) composed of 37 g dextrose hydrate, 6 g sodium citrate dihydrate, 1.25 g sodium bicarbonate, 1.25 g disodium ethylenediamine tetraacetate (EDTA) and .75 g potassium chloride per liter. The pellets were removed from liquid nitrogen and scattered uniformly on the bottom of an empty Styrofoam container (inside dimensions: 152 mm long x 97 mm wide • 137 mm deep; room temperature: 20 to 25 C) for 0, 1.5, 3 or 4.5 min before being transferred into a 250-ml beaker containing the BTS pre-warmed to 50 C. The pellets were swirled gently in the solution until completely thawed, and then the morphology of acrosomes and motility of the spermatozoa were assessed.
Pellet temperatures were determined with a .5-ram diameter stainless steel sheathed copperconstantan thermocouple probe (Omega Engineering, Inc., Stamford, Conn.), attached to a Hewlett-Packard potentiometric recorder.
Trial 2. Pellets were removed from liquid nitrogen storage and held in a Styrofoam container for 3 min and then thawed in either a Teflon-coated pan in a 50 C waterbath or in a 250-ml beaker containing 12.5 ml of one of the following solutions that were pre-warmed to 50 C: BTS, HiJlsenberg diluter (Richter and Liedicke, 1972) , Beltsville L1 (BL1; Pursel et al., 1973) , seminal plasma or skim milk. For the pan thawing, immediately after the pellets had thawed the pan was removed from the 50 C waterbath and the semen was diluted with 12.5 ml BTS at room temperature.
Trial 3. Pellets were removed from liquid nitrogen storage and held in a Styrofoam container for 3 min and then thawed in 12.5 ml of BTS pre-warmed to 40, 50 or 60 C.
Trial 4. Pellets with individual volumes of .09, .18 or .27 ml were removed from liquid storage and held in a Styrofoam container for 3 min and then thawed in 12.5 ml BTS prewarmed to 50 C.
Sperm Evaluation. Two 1.0-ml samples for each experimental unit were removed immediately after the pellets were thawed. One sample was held at 37 C for 30 min after which the percentage of motile spermatozoa was estimated at 37 C by phase-contrast microscopy at 250• The other sample was fixed with 1% glutaraldehyde for acrosome evaluation by phase contrast microscopy as described by Pursel and Johnson (1974) . Two slides were examined for each sample with 100 acrosomes assessed per slide and the percentage of spermatozoa with a normal apical ridge (NAR) determined (Pursel et al., 1972) . All samples were coded before evaluation so that sample identity was not known to the evaluator.
Statistical Analysis. Percentages of NAR and motile spermatozoa were subjected to arcsine transformation before analysis of variance. In trials 1, 3 and 4, orthogonal regression comparisons were performed. In trial 2, differences among treatment means were tested by individual orthogonal comparisons. apellets (3 • 109 sperm) held in Styrofoam box and then added to 12.5-ml BTS at 50 C. bNumber of seconds (mean -+ SE) pellets were in the solution before all pellets were melted.
CMean -+ SE for 12 ejaculates.
RESULTS AND DISCUSSION
Trial 1-Pre-tbaw Delay. The post-thaw percentages of NAR and motile spermatozoa increased linearly and quadratically (P<.005 for each comparison, table 1) as the length of pre-thaw delay increased. The quadratic response resulted from marked increases in the percentages for the first 1.5 rain of pre-thaw delay, from only moderate increases for the second 1.5 min of pre-thaw delay and from slight decreases for the third 1.5 min of pre-thaw delay.
When the pellets were transferred from liquid nitrogen to the empty Styrofoam container, the temperature of the pellets rose from -196 C to -90, -50 and -30 C in 1.5, 3 and 4.5 min, respectively. The higher pellet temperature reduced the thawing time for the pellets subjected to pre-thaw delay once they were placed in the heated solution (table 1) .
A faster thawing rate through a certain critical zone was probably the essential factor producing the higher recovery of sperm motility and maintenace of acrosome integrity for pre-thaw delayed samples. Based on the results of thawing, studies of Mazur and Schmidt (1968) , Mackenzie (1970) and Bank (1973) , the critical temperature zone could be the temperature at which intracellular ice recrystallizes. Bank (1973) reported that the critical temperature zone was between -30 and-40 C for yeast cells. However, the critical temperature zone could vary depending upon cell type and storage media.
Trial 2-Thawing Method and Solution. The percentages of NAR were significantly higher for spermatozoa thawed in solutions as compared to samples thawed in the pan (P<.005, A vs BCDEF); however, the opposite result was obtained for percentage of motile spermatozoa (table 2) . Because the pan-thawed spermatozoa were incubated in BTS after thawing and before motility estimation, the incubation media may have influenced the percentage of motile spermatozoa. Salamon (1973) and Salamon et aL(1973) reported earlier that thawing of pelleted boar semen in dry test tubes yielded greater recovery of sperm motility than thawing in any of five solutions being studied. However, the results in table 2 clearly show that thawing in a solution was beneficial to post-thaw acrosome integrity.
The percentages of motile spermatozoa were significantly higher for samples thawed in artificial media than for samples thawed in biological solutions (P<.O05, BCD vs EF, table 2). The percentage of motile spermatozoa was higher in samples thawed in BTS than in those thawed in H~ilsenberg diluter (P<.005, B vs C); however, the percentage of NAR acrosomes did not differ in the two solutions.
The percentage of NAR acrosomes was higher in samples thawed in skim milk than in those thawed in seminal plasma (P<.005, E vs F, table 2); however, no differences were found in the percentages of motile spermatozoa. The data regarding the percentage of NAR for samples thawed in seminal plasma may have been influenced by the fact that the seminal plasma tended to cause clumping of spermatozoa which interfered with acrosome evalua- 
Trial 3-Temperature of Thawing Solution.
A significant quadratic relationship was found between the temperature of the thawing solu ~ tion and the percentages of NAR and motile spermatozoa (P<.005 for NAR and P<.01 for motility, table 3). A positive linear relationship between the temperature of the thawing solution and the percentage of motile spermatozoa was also found (P<.05). Even though the 50 C temperature for the thawing solution was the optimum for the temperatures tested in this trial, one might conclude that under practical farm conditions deviations in thawing solution temperature of several degrees would not drastically alter post-thaw recovery.
"These results agree with those of Salamon et al. (1973) who also found that the post-thaw sperm motility was greatest when the thawing Trial 4-Volume of Frozen Pellets. Varying the pellet volume from .09 to .27 ml had no significant effect on the percentage of NAR acrosomes obtained in conjunction with the 3-min pre-thaw delay and thawing in BTS pre-warmed to 50 C (table 4) . However, a significant positive linear relationships was found between pellet volume and the percentage of motile spermatozoa (P<.005). This latter result is contrary to those of Salamon (1973) who found no difference in the percentage of motile spermatozoa for pellet volumes of .08, .16, .32 and .64 ml when they were thawed in dry test tubes at 37 C.
In conclusion, the present results suggest that the optimum conditions for post-thaw recovery of NAR acrosomes and sperm motility are obtained by holding .27-ml frozen pellets in a Styrofoam container for 3 min and then thawing them in BTS pre-warmed to 50 C.
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